The reliability assessment for an automobile crankshaft provides an important understanding in dealing with the design life of the component in order to eliminate or reduce the likelihood of failure and safety risks. The failures of the crankshafts are considered as a catastrophic failure that leads towards a severe failure of the engine block and its other connecting subcomponents. The reliability of an automotive crankshaft under mixed mode loading using the Markov Chain Model is studied. The Markov Chain is modelled by using a two-state condition to represent the bending and torsion loads that would occur on the crankshaft. The automotive crankshaft represents a good case study of a component under mixed mode loading due to the rotating bending and torsion stresses. An estimation of the Weibull shape parameter is used to obtain the probability density function, cumulative distribution function, hazard and reliability rate functions, the bathtub curve and the mean time to failure. The various properties of the shape parameter is used to model the failure characteristic through the bathtub curve is shown. Likewise, an understanding of the patterns posed by the hazard rate onto the component can be used to improve the design and increase the life cycle based on the reliability and dependability of the component. The proposed reliability assessment provides an accurate, efficient, fast and cost effective reliability analysis in contrast to costly and lengthy experimental techniques.
Introduction 
Bending and torsion are the main types of loading that will occur on a crankshaft. The failures acting on the crankshaft are generally of the torsional and rotating bending variety based on the nature of its working conditions. The operating condition of the crankshaft is that it will rotate at 720° for a complete 4-stroke cycle, which is comprised of the intake, compression, power and exhaust strokes. During the compression and power cycles, the highest load will be acting on the piston, where the compressed air-fuel mixture will be ignited. Hence, in return it will be ignited due to the heat generated from the air-fuel mixture during the compression stroke. The massive load resulting from the power of the compressed fuel-air mixture forces the piston back down towards the bottom dead centre based on the operating procedure of the crankshaft [1] .
In previous studies [2] [3] [4] [5] [6] [7] the failure of the crankshaft has been investigated through the Scanning Electron Microscope (SEM), fractography, tensile and hardness tests, and has been further enhanced by BECARRA, et al [8] and FONTE, et al [9] through chemical analysis, X-ray analysis (EDAX) and visual examination techniques. Based on the experimental analysis carried out, it has been found that the mean time to failure due to the cyclic load is random [10] , whereby this phenomenon of failure is defined as being stochastic in nature. Likewise, the crankshaft has been designed to last a lifetime but the high stress concentration from the numerous cycles will lead towards the failure of the crankshaft. Even though the experimental techniques mentioned earlier have provided substantial evidence of the root cause for the failure of the crankshaft, yet they do not provide an adequate analysis and prediction of the reliability of the component.
Several researchers [11] [12] [13] [14] [15] have suggested that the rainflow counting technique has the capability to provide a suitable reliability assessment aimed at quantifying the probability of failure of any component. It has been shown from previous studies [16] [17] [18] by modelling the events of a given state condition through the transition diagram. It is known that the Markov Chain has the ability to generate random, but similar, numerical data based on the condition of whatever happens in the future depends only on the current condition. Hence, a reliability assessment can be used to model reliability and survival data through the properties of the shape parameter (β) [19] [20] [21] . Therefore, the reliability assessment provides a fundamental attribute in quantifying the life assessment of a given component or structure [22] [23] .
In this paper, the reliability analysis and prediction of the crankshaft through the hazard rate bathtub curve using various Weibull shape parameters(β) are explained. The shape parameter(β) is an important aspect in the reliability prediction as it provides an understanding of the behaviour and characteristics of the component under a mixed mode loading. More poignantly, the hazard rate bathtub curve provides an understanding of the stages of failure modes that occur on the crankshaft, thus directly providing information regarding the reliability. This is an important aspect in the improvement of the fatigue failure that occurs on the crankshaft due to cyclic axial loads and rotary bending. The approach used in determining the hazard rate bathtub curve under mixed mode loading is important even though the component is manufactured to have high and strong mechanical properties. This analysis and prediction provide a platform to further improve the design life of the component by controlling the risk factors.
Methodology

Development of framework
The methodological framework developed, as shown in Fig. 1, summarizes the various non-deterministic approaches [12] [13] [14] [15] [16] in predicting the failure of the crankshaft under mixed mode loading. The fatigue failure of the crankshaft [2] [3] [4] [5] [6] [7] [8] [9] is considered to be stochastic in nature, where the failure occurs at a given loading vector interval, and is categorised as follows: (1) randomness of the loading vector intervals; (2) uncertainties in the crankshaft model, such as the geometric parameter and material properties; (3) rainflow analysis to replicate the variable amplitude loading experience by the crankshaft; (4) manufacturing defaults. Fig. 1 . Probabilistic framework for failure on the crankshaft Fig. 2 illustrates the flow chart of the various developmental stages of reliability, explaining some issues related to the following items that were addressed in previous studies [16] [17] [18] .
(1) Design the first order discrete Markov Chain as a state condition based on the combined stresses of bending and torsion.
(2) Introduce the probabilistic criterion for the probability matrix.
(3) Simulate various sample sets of probability matrices and probability vectors.
(4) Compute the matrix multiplications to observe the transitions during operating conditions.
(5) Determine the reliability based on the probabilities computed in the steps above.
The research suggests the use of the first order discrete Markov Chain in modelling the hazard rate(λ) bathtub curve for the mixed mode category by implying the probabilistic criterion for the loading vector interval. This is Fig. 2 . Probabilistic framework for failure on the crankshaft
